The role of cAMP in regulation of electrical activity of the neuroendocrine caudodorsal cells of Lymnaea stagnalis.
The neuroendocrine caudodorsal cells (CDCs) of the pond snail Lymnaea stagnalis release a number of peptides, including the ovulation hormone, caudodorsal cell hormone (CDCH), during a period of high electrical activity (the CDC-discharge). Earlier studies have shown that during the CDC-discharge adenylate cyclase activity is increased, and that the cyclic adenosine monophosphate (cAMP) analogue 8-chlorophenylthio (8-CPT)-cAMP induces exocytosis and release of peptides from the CDCs. Here, we have investigated the role of cAMP, adenylate cyclase and phosphodiesterase in determining the state of excitability of the CDCs. The cAMP analogue 8-CPT-cAMP induced long-lasting discharges in CDCs. Simultaneous inhibition of the phosphodiesterase by 3-isobutyl-1-methylxanthine (IBMX) and activation of the adenylate cyclase by forskolin gave similar results. These agents also induced discharges of CDCs in dissociated cell culture, indicating that the responses to an increase of cAMP were an endogenous property of the cells. The CDC-afterdischarge can be induced by a period of repetitive electrical stimulation. Inhibition of the phosphodiesterase-activity by IBMX did not change the resting membrane potential, but increased the proportion of preparations that responded to this stimulation with an afterdischarge by more than 200%. It is suggested that cAMP-regulating enzymes are involved in stimulus-response coupling of the afterdischarge in CDCs. The induction of an after discharge probably requires both a low phosphodiesterase-activity and the activation of the adenylate cyclase. The low excitability of the CDCs following an afterdischarge might originate from a refractoriness in the activation of the adenylate cyclase.